• This study investigated the mineral nutritional value of green leafy vegetable (GLV) dishes and composite and maize porridge meals.
Introduction
Anaemia, of which the major cause is iron deficiency, affects 1.62 billion individuals globally [1] . Zinc deficiency has also been identified as a global public health problem, causing 1.4% of all deaths worldwide [2] . Large proportions of households in sub-Saharan Africa, where iron and zinc deficiencies are prevalent, depend on monotonous cereal based diets for energy as well as micronutrients [3] . These diets contain phytate and sometimes tannins, which, even further reduces the already low bioavailability of the non-haem iron and zinc in the diet [4] .
Commercial food fortification is often regarded as one of the most successful and cost effective public health approaches for preventing micronutrient malnutrition [5] as it is a practical, sustainable, costeffective long-term solution [6] . In recent years, in the developing world, food fortification has become an increasingly attractive option and programmes are moving to the implementation phase very rapidly [7] . It has however, long been recognised that a combined approach should be used in the fight against malnutrition, and that dietary diversification with locally available, nutrient dense foods is very important to ensure sustainable increased nutrient intake [8] .
It has been proposed that traditional, often wild growing African green leafy vegetables (GLVs), can play a major role to enhance the nutritional value of diets [3] and improve household food and nutrition security [9] in sub-Saharan Africa. Compared to traditionally cultivated GLVs (cabbage, spinach and kale), these traditional African GLVs are better adapted to harsh weather conditions, more resistant to pests and pathogens [10] and have similar or improved nutrient contents [3] . Most importantly, these wild growing vegetables are freely available to some of the poorest of households and communities.
There is however, a lack of information available on the cooking and preservation methods, as well as the nutrient composition of traditionally consumed GLV dishes [11] . Consequently, information on the bioaccessibility of nutrients from GLV's, their respective dishes and total meals, are also very limiting [3, 9] . Importantly, for in vitro mineral bioaccessibility data to be most closely related to human bioavailability, food analysed, should be prepared as consumed [12] . In sub-Saharan Africa GLV relishes and dishes are often consumed with staple grain porridges [3] . As maize, consumed in the form of porridge, is the most important staple [13] of some vulnerable populations in Africa, it is a popular choice for national food fortification programs [7] , as is the case in South Africa [14] .
To our knowledge no research has been published on the bioaccessibility of iron and zinc from traditionally consumed African GLV dishes alone or when in maize porridge composite meals. This study aimed to determine the mineral nutritive value of different GLV dishes and their composite meals with maize porridge. It also aimed to assess the bioaccessibility of iron and zinc from GLV dishes, composed of various commonly consumed GLVs, alone and composited with maize porridge.
The effect of maize meal fortification on the iron and zinc bioaccessibility from GLV-maize porridge composite meals was also investigated. Finally, the results were used to calculate the contribution these GLV dishes could make to the required iron and zinc intake (recommended dietary allowance -RDA) of vulnerable populations. It was also estimated what contribution could be made to the absolute iron and zinc requirements (amount of required bioavailable iron and zinc) of vulnerable populations.
MATERIALS AND METHODS

Materials preparation
GLV dishes
The GLVs were cultivated on farmland approximately 50 km outside Potchefstroom (South Africa) from October, 2011 until February, 2012. Representative samples of the GLV dishes made and spread over the entire harvesting period were combined and processed as displayed in Figure 1 . The dishes were frozen, freeze dried and stored airtight at -20°C until analysed.
Fortified and unfortified maize porridge
The commercial special grade fortified maize meal (kindly donated by South African grain laboratories (SAGL) (July, 2014), who confirmed that it was fortified according to South African regulation(Fe3.5 mg/100 g; Zn1.5 mg/100 g) [14] . The commercial special grade non-fortified maize meal (kindly donated by Foodcorp in June, 2013) was taken out of a commercially milled batch before the mandatory fortification premix was added. The maize meal was stored in airtight containers at 5-9°C until use.
For the preparation of the stiff porridges, a paste was made from maize meal (15 g ) and cold deionized water (10 ml), which was added to boiling deionized water (200 ml). This mixture was cooked for 10 minutes, where after 30 g of maize meal was added and cooked for a further 10 minutes. The fortified and unfortified porridge samples were frozen, freeze dried and stored airtight at -20°C until analysed.
GLV-maize porridge composite dish
GLV-maize composites were prepared according to the proportions eaten by school children in an intervention study by van der Hoeven et al. [17] in which children consumed 125 g maize porridge served with 300 g of a GLV dish. In our study, each GLV dish was composited in a meal with both the fortified and unfortified maize porridge respectively at a ratio of 1:2.4 dry base (db).
Figure 1: Harvest and preparation of traditional African green leafy vegetables (GLV) dishes
Analyses Antinutrientanalyses
Total phenols were determined using a modified FolinCiocalteu method [18] . Tannin content was determined by the modified Vanillin HCl assay [19] . With both analyses sample blanks that corrected for the colour of the flour extracts were included. Phytate content was determined using the method as described by Frubecket al. [20] . The method used glass barrel Econo-columns, 0. 
Mineral contents, bioaccessibilities analyses and mineral requirement contribution
The total mineral contents of the maize porridge and GLV dishes were analysed by Ion Coupled Plasma-Optical emission spectrophotometry (ICP-OES) after acid digestion as described by Kruger et al. [21] .In vitro iron and zinc bioaccessibility was determined according to the dialysis method of Luten et al. [22] with minor modifications as described by Kruger et al. [23] . The collected digested sample (dialysate) was acidified with 0.002 ml 65% nitric acid/ml dialysate, to ensure all minerals remained in solution and analysed by ICP-OES .Enzymes and reagents used were porcine pepsin and pancreatin (Sigma, Johannesburg), dialysis tubing (Spectra/Por 7 (Ø = 20.4 mm) with a molecular mass cut-off (MMCO) of 10000 Da) (GIS, Johannesburg).
The contribution 100 g of the dishes and meals could make towards the RDA and absolute iron and zinc requirements were calculated as follows:
Statistical analyses
Statistica 12 was used to analyse for significant differences in the data using one-way analysis of variance (ANOVA) and main effects ANOVA. Tukey's Post-hoc multiple test was applied to determine significant differences between specific means at a confidence level of 95% (p≤0.05). All analyses were conducted on two individually prepared samples, with the replicates dependant on the precision of the method; ICP-OES -1 replicate (n=2), phytate, total phenolic and tannin content -2 replicates (n=4) and mineral bioaccessibilities -2 to 3 replicates (n>5). Figure 1 was constructed from Box Plots of multiple variables grouped together by dish/meal.
Results and Discussion:
Mineral and anti-nutrient contents
The amaranth-pumpkin dish and meals had the highest iron contents, while that of the amaranthspiderplant had the highest zinc contents ( Ca1784 mg) leaves compared to the mineral contents of the dishes in this study. This indicated that the processing (soaking) and addition of the other ingredients may have decreased the mineral contents in the dish. Despite the lower mineral contents of the dishes as compared to the raw leaves, the type of GLV still played a role in the final mineral content of the dish where iron and zinc were concerned. The cowpea and spiderplant dishes had the highest iron and zinc content respectively, XYZ -Least Significant Mean values with different superscripts in the same row/column, differ significantly (p≤0.05),*Each dish (raw ingredients) consisted of GLVs (49%), tomatoes and onion mix (22%), vegetable oil (3%), a commercially available instant gravy powder (5%) and water (21%), ** Dishes were composited at a low ratio of porridge:GLV (1:2.4, db). ND -Not detected(below the detection level) corresponding with that of the values of the raw leaves. The mineral contents of both the unfortified and fortified maize porridge were lower than the GLV dishes and as expected, compositing the GLV dishes with the maize porridges decreased the contents of all the measured minerals in the meals.
While there were small differences between the mineral contents of the GLV-fortified -and GLVunfortified maize porridge composite meals, even in some instances lower values for the unfortified maize composite meals, these differences were not significant (p>0.05). This was probably because the GLV dishes had much higher mineral contents compared to the maize porridges and the meals contained less than halve the amount of porridge compared to GLV.
The phytate contents of the maize porridges (Table 2 ) were 1.5 to 4 times lower than that of the GLV dishes and as expected, when the GLVs were composited with the maize porridges, the phytate contents were decreased. The composite GLV-fortified maize porridge meals had the lowest phytate contents. XYZ -Least Significant Mean values with different superscripts in the same column, differ significantly (p≤0.05) based on the post-hoc Tukey HSD test,*Each dish (raw ingredients) consisted of GLVs (49%), tomatoes and onion mix (22%), vegetable oil (3%), a commercially available instant gravy powder (5%) and water (21%), ** Dishes were composited at a low ratio of porridge:GLV (1:2.4, db).
All of the phytate:iron molar ratios, ranging from 5 to 18 (Table 2 , square brackets), were higher than the critical ratio of 1, above which the availability of iron has been found to be seriously impaired [24] .
The reduction in phytate content upon compositing with the maize porridges did not result in reduced phytate:iron ratios, because of the simultaneous reduction in iron content ( Table 1 ). The phytate:zinc and phytate x calcium:zinc ratios ranged between 43-87 and 386-1731, well above their respective critical ratios of 10-14 [25] and 200 [26] .
The maize porridges were essentially free from tannins (39-82 mg/100 g) ( Table 3 ). There were no significant differences between the phenolic contents of the different GLV dishes and the amaranth dish contained the most tannins. The tannin contents of the GLV dishes measured relatively low (105-203 mg/100 g) compared to literature values of the main raw product amaranth; 450 mg/100 g (db) [27] . However, a reduction in measurable tannin content after heat treatment may be due to the reaction of phenolic hydroxyl groups with food components, such as protein and minerals, like iron, to form insoluble complexes [28] . This in effect, would not reduce the actual inhibiting power of the tannins, but just their extractability. Values expressed as average of 2 individual analyses in mg/100 g ±SD, ND-Not Detected. abc -Values with different superscripts in the same column, differ significantly (p≤0.05) based on the post-hoc Tukey HSD test, *Each dish (raw ingredients) consisted of GLVs (49%), tomatoes and onion mix (22%), vegetable oil (3%), a commercially available instant gravy powder (5%) and water (21%).
Iron and zinc bioaccessibilities
Both the mineral bioaccessibilities (%) and the amount of bioaccessible mineral (mg/100 g) values were presented in Tables 4 and 5 . The percentage mineral bioaccessibility gives a good indication of the sum of the effects of the mineral bioaccessibility inhibitors and enhancers and the total amount of the specific mineral in the dish/meal. However, when the total mineral contents of samples are substantially different, as in this study, there was the possibility that the % bioaccessibility values might be somewhat misleading. For example, the % iron bioaccessibility of the unfortified maize porridge (22.0%) was more than three times that of the fortified maize porridge (6.2%) (Table 4) .
However, there was no significant difference (p>0.05) between the amount of bioaccessible iron (0.22 and 0.29 mg/100 g, respectively). XYZ -Least Significant Mean values with different superscripts in the same column/row, differ significantly (p≤0.05) based on the post-hoc Tukey HSD test, *Each dish (raw ingredients) consisted of GLVs (49%), tomatoes and onion mix (22%), vegetable oil (3%), a commercially available instant gravy powder (5%) and water (21%), ** Dishes were composited at a low ratio of porridge:GLV (1:2.4, db). , differ significantly (p≤0.05) based on the post-hoc Tukey HSD test XYZ -Least Significant Mean values with different superscripts in the same column, differ significantly (p≤0.05) based on the post-hoc Tukey HSD test, *Each dish (raw ingredients) consisted of GLVs (49%), tomatoes and onion mix (22%), vegetable oil (3%), a commercially available instant gravy powder (5%) and water (21%), ** Dishes were composited at a low ratio of porridge:GLV (1:2.4, db).
The iron bioaccessibility and amount of bioaccessible iron ranged between 6.7-45.2% and 0.9-5.11 mg/100 g, respectively (Table 4) . The low bioaccessibilities of iron in the amaranth-pumpkin dish and meals (6.7-12.1%) were unexpected, because of the lower phytate:iron molar ratios (5-6, Table 2 ), compared to the other dishes and meals (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The phytate and iron contents of the amaranthpumpkin dish and meals were significantly lower and higher, respectively, compared to the other dishes. The low bioaccessibility of the iron in the pumpkin may be due to contamination iron, despite careful cleaning. Pumpkin leaves grow on vines, close to the ground which increases the amount of soil and dust contamination. Van Jaarsveld et al. [24] analysed the nutrient content of African GLV's and found that the pumpkin leaves were more susceptible to mineral contamination as it required more rinsing to remove all the soil from the leaves (personal communication with P van Jaarsveld).
Contamination iron, as was probably present in the pumpkin leaves, has been found to not be bioaccessible [29] . The amaranth-spiderplant, fortified maize porridge meal could provide the most bioaccessible iron, compared to all the other dishes and meals. While this meal had similar iron (Table 1) , phytate ( Table 2 ) and phenolic contents (Table 3 ) compared to the rest of the dishes and meals, the amaranth-spider plant dish had the lowest tannin content (Table 3) . Importantly, it has been found that the inhibitory effect of condensed tannins on iron bioaccessibility can be much stronger than that of phytate [30] .
Compositing the GLV dishes with the unfortified maize porridge did not result in any significant (p>0.05) change in the percentage iron bioaccessibility or the amount of bioaccessible iron. However, compositing with the fortified maize porridge significantly (p≤0.05) improved the percentage iron bioaccessibility and the amount of bioaccessible iron. This increase in iron bioaccessibility is probably a combination of two factors; firstly the fortified maize porridge contained less inhibitors of iron absorption (phytate, tannins and total phenolics) than the GLV dishes (Tables 2 and 3 ). Secondly, the fortified maize porridge contained almost 5 times more iron (Table 1) than the unfortified porridge.
The zinc bioaccessibility and amount of bioaccessible zinc ranged between 6.4-12.7% and 0.63-1.63 mg/100 g, respectively (Table 5) . Overall, there were no significant differences (p>0.05) in zinc bioaccessibilities between the different GLV dishes or their respective maize porridge meals. The low zinc bioaccessibilities in general and the lack of increase or decrease after compositing with the maize porridges may be due to the low zinc contents, together with the high calcium and phytate contents, reiterated by the high phytate:zinc (43-87) and calcium x phytate:zinc ratios (386-1731).
However, the amount of bioaccessible zinc was the highest for the amaranth-pumpkin dish and meals (1.4 mg/100 g) compared to the other GLV dishes (0.9-1.1 mg/100 g). This is in direct contrast to the trends observed for the amount of bioaccessible iron. It has been found that iron can inhibit zinc absorption [31] and this might be an additional inhibiting factor. Each dish (raw ingredients) consisted of GLVs (49%), tomatoes and onion mix (22%), vegetable oil (3%), a commercially available instant gravy powder (5%) and water (21%) and dishes were composited at a low ratio of porridge:GLV (1:2.4, db).
Contributions the dishes and meals can make towards the iron and zinc intake of vulnerable populations
The highest iron and zinc requirement within each vulnerable populations [32] ; children (1-5 years of age) and women (including childbearing age, pregnant and lactating), were used to compare to the mineral nutritional values of the dishes and meals (Figure 2 ). This was done to ensure that the contributions displayed would be the minimum within each vulnerable population group, to in no way overestimate the contribution. The total mineral contents were used to estimate the average contribution that 100 g of the dishes and meals could make towards the iron and zinc RDA of children and women. The mineral bioaccessibilities were used to estimate the contribution that 100 g of these dishes can make towards the absolute requirements for iron and zinc (absolute requirements include requirements for growth, basal losses and, in females, menstrual losses). The highest iron requirements in each vulnerable group were, in both cases, for pregnant women (RDA27 mg/day [33]; absolute requirements1.46 mg/day [34]) and 37-60 month toddlers (RDA 10 mg/day [32] ; absolute requirements0.50 mg/day [34] ). The highest zinc requirements were in both cases for lactating women (RDA12 mg/day [33]; absolute requirements 3.36 mg/day [35] ) and 37-60 month toddlers (RDA5 mg/day [33]; absolute requirements 1.09 mg/day [35] ).
The GLV dishes, unfortified and fortified maize porridge meals could provide at least 34, 21 and 24% of the iron RDA to children and 14, 9 and 10% of the iron RDA to women, respectively. The GLV dishes, unfortified and fortified maize porridge meals could provide at least 12, 9 and 9% of the zinc RDA to children and 5, 4 and 4% of the zinc RDA to women, respectively. The meals and dishes could contribute much more towards the requirements for iron, compared to zinc.
When evaluating the contribution the bioaccessible minerals can make towards the absolute requirements for iron and zinc, the direction of the effect is more reliable than the magnitude [15] . The bioaccessibility data was used to calculate if compositing with maize porridges would negatively or positively affect the mineral bioaccessibility of the GLV dishes (Figures 1 and 2) . Interestingly, despite the reduction in iron content, compared to the GLV dish alone, there was an increase in the contribution the fortified maize porridge meals could make towards the absolute requirements of iron for both children (93 vs. 60%) and women (46 vs. 30%). This showed that while the contribution to the RDA was decreased, compositing the GLV dishes with the fortified maize porridge increased the contribution to the absolute iron requirements. While the same trend was observed for the contribution the bioaccessible zinc could make towards the absolute requirements, it was considerably less pronounced.
Conclusions
The traditional African GLV dishes and meals are high in minerals and regular consumption could make a considerable contribution to the recommended daily allowance of iron to vulnerable populations. However, as is the problem with all plant based diets, the contribution of zinc is lower.
Importantly, while compositing the GLV dishes with fortified maize porridge decreases the iron and zinc contents, due to the low anti-nutrient content of the maize meal compared to the GLV dishes, the amount ofbioaccessible iron and zinc increases.
providing the GLV seed and Herman Fouché and his team at Muiskraal, Rysmierbult, South Africa for the cultivation of the GLVs.
